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LCLS Magnet Control

B Challenging Design Issues
“How to integrate the legacy system with the new”

I Subsystem architecture
E Magnet IOC Design
m Interface to legacy control system - SLC
m EPICS Record Processing
m EPICS SNL
m (EPICS device/driver support)
B Displays

June 15, 2006 Debbie Rogind
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Thank-yous

Interface to legacy SLC control system:

Stephanie Allison, Diane Fairley,
Ron Chestnut and group,
Ron McKenzie

Magnet Control:
Kristi Luchini, Stephanie Allison
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LCLS Conceptual Diagram
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January 2007
Commissioning:
~ 90 Magnets
Mostly all new
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SLAC linac tunnel research yard

June 15, 2006 Debbie Rogind

LCLS Magnet Control drogind@slac.stanford.edu




(=] ( -
— L Stanford Linear Accelerator Center
N—

/
= R —

Stanford Synchrotron Radiation Laboratory

Design Issues

At least Iin the “short term”, LCLS wants to leverage
the usage of legacy SLC control system high
level physics applications ...

1. New magnets must be controlled and monitored
from legacy SLC — with minimal code
modification to SLC (VMS, Fortran, assembly etc)

2. New magnets will use EPICS for control

June 15, 2006 Debbie Rogind
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How do we integrate the legacy system with
the new EPICS controlled system?

June 15, 2006 Debbie Rogind
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Legacy and New Magnet Subsystem Architectures
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Answer: SLC-Aware IOC
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Design Issues

1,2, Solved: Communication bridges in place
between the old and the new

3. There are two distinct databases:
m SLC
m EPICS

How to synchronize?

June 15, 2006 Debbie Rogind
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EPICS Databases

B Per device
m Polynomial Coefficients (provided by MMF)
m B field settings: user, feedback, HLApps;
tolerance, limits settings; B->I conversions
m Raw Current settings; I->B conversions
m Power Supply Controller I/Fs: interlocks, setpoints, readbacks

m Control functions
= Master Control DB (incl. on/off, reset, zero current)
= Supporting DBs: Trim, Standardize, Calibrate, Feedback

m Status — SLC, EPICS, and Summaries
E Per IOC - Multi-selection of devices; multi-function, (new!)
E Template and substitution files using macros

June 15, 2006 Debbie Rogind
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Sequencer SNLs

Per device, handles -

F “More complicated” control functions
m Trim, Calibrate, Standardize,...

E Transitions between steady states

E Timeouts

E User Abort

E Error conditions and message reporting
Per I0OC -

E Multi-select devices/functions, abort

June 15, 2006 Debbie Rogind
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Magnet Trim, Calb, Stdz STD

Init finished Request Rejected

que |.
Std
GetiSet
Calb

Magnet DeVICG Current
SNL for » =% GetiSet Current '

Request

Std
Calb

Trirn

- Trim

- Calibration o

- Standardize

Stdz and Grouped -

PS NG, Timeout, done with Stdz

or User Abort

P3 or User Abort

Ramp finished

1 sec delay
Settling Wait
Settling + ADC conversion
time finished

*PS MNC =PFower Supply Mo Control
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EPICS Magnet Facility- Record Processing / SNL

‘ Power Supply HW

a0 a ;.'.in
ISETPT IRBCK RECK
2) HW s etp oint o
ICTRL
1) Disable/
a0 hle alarms Scan ; SCan ;
_b. al _’ al
IDE 5 1ACT IMOH
T
BLIMITS! .
ILIMTS %
2.
<scan> - e
—— Caus_m lirrit
setting for : ‘-g sub aub
BACT, BMOH, &, BACT BMOH
IACT, IMOH =,
Based on 4+ @
BDES, IDES
Polynomial Coefficients Deltas, limits, tolergnces
Inputs to BDES, BACT, BMON *DES > I
=
b Sub Sub IACTRREV
BDELTAS/ B*LIMITS/
Eg'# IDELTAS > Lms
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Displays — for January 2007 Commissioning

B Legacy SLC SCP Displays
m Control and monitor all magnets

m Correlation plots, orbit fit, orbit display, orbit correction, bump
calculation, power steering, multi-knobs, ...

B EPICS EDM Displays
m Control and monitor new magnets; monitor existing
m Perform more than one function at a time
m More status available
B Legacy and EDM overlap functionality
m Status color code maintained
m SLC Status, SLC DB maintained
m Magnet functions controlled similarly, except for m ulti-function
m SLC DB name annotations are on EDM

June 15, 2006 Debbie Rogind
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Sample legacy control display

LCLES Hlod HLO2 HWLO3Z HELF RETURH IHDEX
Haghet HAGHET MAGHET MAGHET
Index FPAHEL PAMEL PAHEL MAGHETS MGHTHL KR
QUAD QUAD QUAD QUAD QUAD QUAD QUAD QUAD
201 301 4ol 5ol a0l Fol a0l = lvu
ACOR HCOR HCOR KCOR ACOR ACOR ACOR ACOR
202 302 402 5oz B0z Foz2 202 b=l u ]
YCOR YCOR WCOR YWCOR YCOR YCOR YCOR YCOR
203 303 403 503 503 03 203 b= ls]
LGFS LGFS
1 2
TURH TURH CHANGE START- ALL ALL ALL ALL
OFF aH EDES STOP QUAD WCOR YCOR MAGHET
LGFS LGFS EPHDAT
|
CALI- STAND- EMTER TRIH ZPLOT DISPLY DISPLY DISPLY
ERATE ARDIZE ELES DISPLY ALL EAD SIMGLE
ALL UMITS UMITS UMIT
ASSIGH ASSIGH ASSIGH ASSIGH RESTOR DISPLY FRIMT DIAG-
MAGHET HAGHET MAGHET MAGHET KHOE HEXT All HOSTIC
KHOE © KHOE 1 KHOE 2 KHOE 3 FAGE Text FRMEL
I SLCPRINT I

June 15, 2006
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GRAPHICS CALF24
MAGHMETS Sector= LIZ3 Primary= all* Unit= ALL* Display Group= LIMAC
LIZ3 LGRS UNIT BECON BOES BACT HOSC HSTe STAT
Sample 1 0,0 0 4810 1058 TURMEDOH
ILIZ3 QUAD  UNIT ECON EDES BACT HOSC HSTA STAT
Iegacy 201 EE gasg 65. 623 54513 O 4301 18458 DUT-RANG
301 -68.305 <68, 3086 -, B4512 0 4801 1548 ODUT-RANG
401 &4 . 588 &4 583 54499 0 4801 1848 OUT-RANG]
Status 501  -6£3.669 -63. 669 -, 54499 0 4801 1848 OUT-RANG
601 63, Eod 63,504 64500 0 4301 1848 OUT-RANG
701 —64,115 SR TR —, 54497 0 4301 18458 DUT-RANG
. 201 66,543 £6. 543 54495 0 4801 1848 OUT-RANG
dlSpIay 901 -3, 015 -63, 015 - . E4505 0 4801 1845 OUT-RANG
LIZ3 HCOR  UNIT BCON BOES BACT HOSC HSTe STAT
202 -1,786e-3 -1.786e-3 -1.7328-3 o |0l 41
302 -1.631e-3 -1.63le-3 —0.0EGe-3 g a0l 1048 OUTOFTOU
402 -1.7608-3 -1.760e-3 -—L1.7062-3 6 G141
020 2,3028-3 2.302&-3 O, 0lds-3 0 BOL 1048 OUTOFTOL
602 7.l08e-3 7,100e-3 6,872e-3 & B0l 1048 DUTOFTOL
702 0,980e-3 0,980e-3 5,948e-6 ¢ B0l 1045 DUTOFTOL
802 -7.496e-3 -7.496e-3 —7.2508-3 o 801 1045 DUTOFTOLU
900" -2,9587e-3 -2.987e-3 0.0Z6e-3 0 801 1048 ODUTOFTOU
LIZ3 YCOR  UNIT ECON EDES BACT HOSC HSTa STAT
203 -0,846e-3 -0.8468-3 0,01l68-3 0 BO1 1048 OUTOFTOU
303 -0 .57Fe-3 -0.577e-3 -0.E90a-3 T
403 2,069e-3 2,06% -3 0,0lle-3 g B0l 1048 DUTOFTOL
503 65.694e-3 §.694e-3 5,60le-3 o B0l 1048 OUTOFTOL
603 2.24%9e-3 2.749e-3 5.4652-5 0 gol 104 OUTOFTOU
703 -0.43%92-3 -0.43% -3 -0,454c-3 ¢ gl 4l
803 -3,831e-3 -3.83le-3 6.780a-6 0 B0l 1048 DUTOFTOU
900 -38.84de-3 -8.8d4d4e-3 -8.557e-3 g 80l 1048 OUTOFTOL
21-MAR-0O5 14:57:01
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Sample EDM displays ...

il XX 05 Magnets

SXGWEneE ., M=k,
Hagnate e

Control Abort  Control Status

Selected: Mot Done

MAD name Magnet Perturh BDES EBDES BACT BCON Control  Abort  Control Status Summary Status
1] 0.85

K eEnDosoot |IEENERTEEN T m— | 0070000 0.019992 TR Reouest wait ON
0 30,9328 —

i BEnDos00z| IEENNERTEN T m— | 2.379358 IR Reauest Wait OFF
0 108177

[ @uADosz0 | ENEREETERT0Y T M— | 5.172135 | 6.176556 IR Reouest wait OFF

-0.06243  0.05243

Ml < coRosz02 e R r] P — ] |L0.016328 -0.016326 IR Reouest Wait OFF

-0.06243  0.06243

YCORD5203|[[EeRPLTETTE] M W |0.016482  0.016482 [ Feedvack T [x [EEENERET: OFF
0 it S —
I LcPsoso0 | SRRl T me— |/10.39375C 10.383750 TR Reouest wait OFF
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hdl BEND:XX05:1

BEND:XX05:1

IACT

Direction: DOWN
dlrdt: 100 Als

Mini- Standardize: Enabled

PS State: ON
8 12
g Status:
il 16 uramary status
o e,

SN “a
LACT: 135 & BACT: 0.0195992  kiE-m
ILIOL: 135 & BMOM:  0.020000 kG-m
IDES: 135 & EDES: 0.020000 ki&-rm
IFPRY: 135 & Bt Tl

0 1.7 gy | ERLEVELARPS:
ICTRL: _ BCTRL: 0.020 kG-m
Trim: Enabled
A1t 0.0 A=
LINEAR Settle Time: 0
Last Try Cnt- ITRY: 0
Max Trim Trys: II] Tirne- TTIM: 06/06/07 14:49:56
s
Calibrate: Calibration Plots...
Standardize: SIEUIE ElanianizE
Num of Cycles- MSCY[1]: 1] Delta- ATOLL]: 0.10
Settle time- NSCY[2]: 0 sec Fraction- ATOL[2]: 0.10
Min Current- IMRME[1]: 0,000 A Cyeles Bo Far: 1]
Max Current- IMBIS[Z]:  0.000 A Tirne So Far: 0 =BC
Final Current- IMMS[3]: 0.000 A Time- ETIM:

Timne Lost- ZTIM:
Min/max current- IMAX: 0,000 A

Feedback:

Unavailable

0 0.000000 0.85

EFECK (kG-m )}

June 15, 2006
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Il BEND:XX05:1 Diags

Ethernet Power Supply BEMD 2405:1

State: ON

==

e

DQ\

4 Sumrm 16
\\\\11 .flr‘,,f/

"
20

1.86 A
0 1,35

Current Control - ICTRL (A

20

Last Message:

Min, Current- IMMO: D.Dg &
Max, Current- IMMO: 20,00 &
Driver status: _

Local mode - Mduct 1 current: 1.350 A
FSREADY - Hduct 2 current: 1.35 A
FS On Status | DAC current; 1.350 A
Mag, Interlock 0 - Ripple current: 0.000 &
Mag, Interlock 1 - Ground current: 0202 &
Mag, Interlock 2 - Cutput voltage: 1.3 W
Mag, Interlock 3 - Cntl temperature: 978 F
Hduct 1 Btatus - Spare voltage: 000 W
Hduct 2 Status - ADC Offzet: -T.801 T
GND Current fault - ADC Gain: -2.650 T
Faultlatch status - DAC Offzet: -0.163 T
PS5 Status 0 DAC Gain: 0002 %
P8 Status 1 Last reset code: 1

FS Status 2 Last turn OFF code: a

FS Status 3 Self-test error code: a
Calibration status - Cal, error code: a
Hardware status I dl/dt lirit; 100 Ak

Chassis type: 0
Serial nurmber: PCDO4150
Magnet ID: SSRLTest

Firrorare version: 06/06/07
Calibration date:  05/01/08

Controller address: 134,789,216 .43 Cmd/B.ep:

219534 } 219534

Hduct 1 WiT: 1.000
Hduct 2 V(T 1.000
GND current W/I: 1,000
P8 voltage VIV 1.000

Reference Voltage: 680 W

Debbie Rogind
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Conclusions

B SLC-Aware IOC will pay off for LCLS
m Integrates legacy system to new
m Allows usage of a rich set of existing legacy HLApps
m Buys time
m Made possible by the EPICS OSI libraries
m Endian issues were a pain

B Users are excited for EPICS controlled magnets
m Better GUIs
m Multi-function magnet control

June 15, 2006 Debbie Rogind
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Thank-you for being a magnetic audience!

June 15, 2006 Debbie Rogind
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